Purpose The primary objective of this systematic review is to compare the outcome after decompression with and without concomitant instrumented fusion in patients with lumbar stenosis and degenerative spondylolisthesis. Does adding fusion to simple decompression lead to better results? Methods PubMed, Embase, CENTRAL, Cochrane, Web of Science, CINAHL and Academic Search Premier were searched. All studies comparing outcome of decompression alone to decompression with concomitant-instrumented fusion in patients suffering from symptomatic lumbar stenosis with degenerative spondylolisthesis were included. Risk of bias was assessed using an adapted version of the Cowley checklist. Results Eleven studies were included in the analysis involving 3119 patients in total. In the majority of studies, including two RCTs, clinical outcome of both patient groups was comparable regarding most clinical outcome measures. Conclusion Currently there is not enough evidence that adding instrumented fusion to a decompression leads to superior outcomes compared to decompression only in patients with lumbar stenosis and degenerative spondylolisthesis. The most important clinical outcome measures, including the ODI, show comparable results. Therefore, the least invasive and least costly procedure, being decompression alone, is preferred in patients with low-grade spondylolisthesis with predominant leg pain. Take Home Messages 1. Adding fusion to a decompression does not lead to better outcomes regarding the ODI and leg pain.
Introduction
Degenerative spondylolisthesis is a common indication for lumbar surgery in adults over 65 years. It is a condition where, due to facet arthropathy and intervertebral disc degeneration, one vertebra has slipped over the other [1] . This can eventually result in narrowing of the spinal canal 1 3
and neuroforamina. Compression of the cauda equina and nerve roots can lead to neurogenic claudication and radiculopathy. Back pain may coincide these complaints and can be attributed to the degenerative lumbar spine. Clinical symptoms vary amongst patients, but can have incapacitating effects on the patient's quality of life [2] .
Degenerative spondylolisthesis is a common observation in patients suffering from the clinical symptoms of lumbar spinal stenosis; a 24% incidence of degenerative spondylolisthesis in patients with surgically treated lumbar stenosis has been reported [1, 3] . The severity of spondylolisthesis is commonly graded according to the Meyerding classification in case of degenerative spondylolisthesis; usually the slippage of the cephalic segment does not exceed 25% of the endplate of the adjacent caudal segment, and is therefore, mostly graded as Meyerding grade 1 or 'low-grade spondylolisthesis'.
Surgical treatment has proven to be more successful than conservative treatment [4] . However, the optimal surgical treatment in patients suffering from symptomatic lumbar stenosis, who also have degenerative spondylolisthesis, has long been a subject of debate. Decompression without fusion for lumbar stenosis in the presence of degenerative spondylolisthesis has been associated with postoperative instability of the spine [5] [6] [7] [8] [9] [10] . This postoperative instability is presumed to be the result of the removal of the posterior elements, such as the spinous process, inter-and supraspinous ligaments and medial aspect of the facet joints. Therefore, concomitant instrumented fusion may result in better postoperative clinical and functional outcomes [5, 9, 11] . Furthermore, concomitant instrumented fusion may be beneficial in cases of lumbar stenosis presenting with predominant symptoms of low back pain [12] . Though, it remains debatable whether adding an instrumented spondylodesis to decompression is indeed required [13] [14] [15] [16] . Since the population consists particularly of elderly patients who frequently have frailty and comorbidities, it is important to consider the necessity for more extensive surgery associated with concomitant instrumented fusion [17] . To contribute to the discussion on this controversy, the objective of this systematic review is to evaluate the quality of evidence with respect to the clinical outcome of decompression with and without concomitant instrumented fusion for patients with lumbar stenosis accompanied by degenerative spondylolisthesis.
Methods

Search strategy
A search was performed in PubMed, Embase, CENTRAL, Cochrane, Web of Science, CINAHL and Academic Search Premier. Pre-specified search terms were used; the complete search strategy can be found in the Supplementary Appendix.
Inclusion criteria
Studies comparing decompression alone with decompression and concomitant fusion in patients with degenerative lumbar stenosis accompanied by degenerative spondylolisthesis were included. Randomized controlled trials, controlled cohort studies, both prospective and retrospective were included. From a methodological perspective, preferably only RCTs are to be included. Since RCTs or prospective studies on this subject are scarce, retrospective studies were also included. A prerequisite for inclusion was the evaluation of functional disability (e.g. Oswestry Disability Index), the sample size had to be more than 20 patients, follow-up had to be at least 2 months.
Exclusion criteria
Studies that were published before 1990 were excluded because decompression and fusion techniques were considered outdated. Furthermore, studies describing cases with isthmic spondylolisthesis were excluded. Studies concerning results of reoperations for degenerative spondylolisthesis were also excluded.
Selection
The selection process was carried out independently by two researchers (MD and GO) based on the aforementioned inlusion and exclusion criteria. Whenever disagreement arose about inclusion, a third reviewer (CVL) was consulted. A first selection of articles was made based on relevance of the article title and abstract. The full version of articles included in the first selection round was retrieved, after which a subsequent selection was made.
Data extraction
Data from the included studies regarding the following items were extracted: study characteristics (study design, sample size, description of intervention and control treatment, follow-up moments), demographic characteristics (mean age and gender), clinical characteristics (baseline characteristics, definition of degenerative spondylolisthesis, clinical and functional outcome using a validated outcome measure, complications, reoperation incidence).
Risk of bias assessment
The Cowley checklist [18] , which was adapted for the purpose of this review (see Table 1 ), was used to assess the risk of bias of the studies included in this review. The risk of bias assessment was carried out by two independent researchers (MD and CVL). A third reviewer (GO) was consulted in case of inconsistency. The studies were assessed on selection bias, for which four points per item could be obtained, and outcome bias, for which a maximum of six points could be attributed. Furthermore, studies were assessed on randomization bias and confounding bias, as well as whether a clear study objective and the independence of the investigators was stated. One point could be attributed to each item. In total, studies could be awarded a maximum of 13 points. Studies were then divided into low (11-13 points), medium (8-10 points) and high (7 or less) risk of bias.
The quality of evidence for all primary outcome measures was evaluated using the GRADE (Grading of Recommendations Assessment, Development and Evaluation) approach [19] .
Measures of treatment effect
The treatment effect is defined as the difference in outcome measures between the patient groups. Validated outcome measures that were included in the analysis were the Oswestry Disability Index (ODI), Short Form-36 (SF-36), Visual Analogue Scale (VAS), Numeric Rating Scale (NRS), European Quality of Life-5 Dimensions (EQ-5D), Core Outcome Measures Index (COMI) and Japanese Orthopaedic Association (JOA) score. Comparisons of continuous data are presented as mean differences with corresponding confidence intervals or standard deviations.
Included RCTs were assessed as to whether they were clinically and statistically homogeneous so that a quantitative analysis would generate meaningful data.
Due to the high potential risk for bias of retrospective studies, differences in outcome measures between patient groups were analyzed qualitatively rather than in quantitative manner.
To establish the minimal clinically important difference (MCID), the study by Ostelo et al. [20] was used as a reference. The minimal clinically important difference of outcome measures was defined as a 30% improvement compared to baseline. This corresponds to a difference of 15 on the Oswestry Disability Questionnaire (0-100), 15 on the Short Form-36 (PCS and MCS combined) (0-100), 2 on the Visual Analogue Scale (0-10), 2 on the Numeric Rating Scale (0-10), 3.5 on the complete Japanese Orthopaedic Association Scores (0-17), 0.2 on the European Quality of Life-5 Dimensions (0-1) and 2 on the Core Outcome Measures Index (0-10). These differences represent the minimum important change from baseline. In total, studies could be awarded a maximum of 13 points. Studies were then divided into low (11-13 points), medium (8-10 points) and high (7 or 
Results
Search results
The literature search up to 26 May 2016 yielded 697 studies ( Fig. 1) . 683 studies were excluded based on the title and/or abstract. After evaluating the remaining 14 studies, 3 more studies were excluded 
Included studies
Two studies that were included were RCTs [24, 25] . Herkowitz and Kurz [5] was considered a quasi-RCT, since randomization methods were inadequate. Two studies were prospective controlled cohort studies [5, 26] . Seven of the studies were retrospective controlled cohort studies [2, 3, 7, 12, [26] [27] [28] [29] .
All studies compared decompression with or without concomitant fusion. In six studies, a laminectomy was performed [2, 7, 12, [25] [26] [27] [28] . Two studies [2, 26] used a decompression technique with preservation of midline structures and Forsth et al. [24] used both techniques (laminectomy in 80% of the patients and a midline preserving technique in 20% of patients). The studies by Herkowitz and Kurz [5] and Ghogawala et al. [25] described the use of a laminectomy and concomitant partial facetectomy. In two studies [3, 7] the decompression technique was not specifically described.
Several, mostly instrumented, fusion techniques were compared with decompression alone. Ghogawala et al. [7] , Kleinstueck et al. [12] , Park et al. [28] , Rampersaud [2] and Sigmundsson et al. [29] performed a posterior lumbar interbody fusion (PLIF) and Kleinstueck et al. [12] additionally used a transforaminal lumbar interbody fusion (TLIF) in a subgroup of patients. Four studies compared posterolateral fusion (PLF) with decompression alone [2, 12, 25, 26] . Forsth et al. [3] performed an instrumented fusion in 95% of the cases (5% was uninstrumented). Plotz and Benini [27] did a translaminar screw fixation and pedicular screw fixation with an AO internal fixator. The study of Herkowitz and Kurz [5] was the only study that did not make use of an instrumented fusion technique; instead it used a single-level bilateral intertransverseprocess arthrodesis. Study characteristics of the included studies are described in Table 2 .
Risk of bias assessment
All studies were assessed on risk of bias using Cowley's checklist adapted for the subject of this review. An overview of the risk of bias assessment can be found in Table 3 . Matsudaira [26] and Plotz and Benini [27] obtained seven points and are, therefore, considered having a high risk of bias. Rampersaud et al. [2] , Forsth et al. [3] , Herkowitz and Kurz [5] and Ghogawala et al. [7] scored a total of eight points; Park et al. [28] and Sigmundsson et al. [29] scored a total of nine points and Kleinstueck et al. [12] a total of ten points. These studies thus have a medium risk of bias. Forsth et al. [24] scored 11 points and Ghogawala et al. [25] scored the maximum amount of 13 points, and therefore, both studies are considered as having a low risk of bias. A critical note must be placed by these RCTs. Both studies were powered on a certain number of patients, however, due to loss to follow-up of patients, the conclusions that were drawn after 2-4 years of follow-up were not based on the number of patients that the studies were powered on. 
Outcome
ODI
Four studies used the ODI as a primary outcome measure [3, 7, 24, 28] . The outcome measure was the difference between the decompression and fusion group regarding the ODI score (0-100). None of the studies, except for Ghogawala et al. [7] , found a statistically significant difference in the ODI between the decompression group (D) and the decompression with fusion group (DF). Forsth et al. [3] found significant improvements in ODI scores in both the decompression and fusion group. ODI scores improved significantly from 45 (± 15) to 27 (± 1) in both groups, also meeting the MCID criteria. Park et al. [28] did not find a clinically meaningful improvement of the ODI [D: 29.8 (± 4.4) to 15.45 (± 7.06); DF: 24.6 (± 5.38) to 11 (± 7.09)], and the decrease was not significantly different between both groups (p = 0.96). Ghogawala et al. [7] demonstrated that the ODI score improved from 41.5 to 27.4 in the decompression group and from 41.5 to 14.0 in the fusion group (p = 0.02).
Only in the fusion group the MCID of 15 was reached. A quantitative analysis was performed for the RCTs from Forsth et al. [24] and Ghogawala et al. [25] (see Fig. 2 ). The outcome measure was the difference in the ODI scores between the two groups. In the study of Ghogawala et al. [25] , patients in the decompression group went from an ODI of 36.3-18.4 in the first 2 years and to 21.6 after 4 years. In the fusion group, the ODI score went from 38.8 to 12.5 in 2 years and eventually to 15.1 after 4 years. No significant difference was found between both groups (p = 0.05). Forsth et al. [24] could not find a difference in improvements in ODI scores between the decompression and fusion group either. The ODI score went from 41 to 21 in the decompression group and from 41 to 25 in the fusion group (p = 0.11). When the mean differences of both studies are combined in a forest plot, the mean difference between both groups is − 1.45 (CI − 6.70; 3.81), with a moderate heterogeneity (I 2 = 52%). This illustrates that the pooled quantitative analysis of these two studies does not show a clinically nor statistically significant difference in ODI score improvement between patients treated with decompression and decompression with fusion.
Level of evidence
The level of evidence is lowered by two levels, since only two of the included studies have a low risk of bias. Moreover, findings are inconsistent; four studies report no difference between decompression and instrumented fusion and one retrospective study claims that fusion has a better result based on ODI outcome. Therefore, the level of evidence is low. 
SF-36
In five studies, the SF-36 was used as a primary outcome [2, 7, 25, 28, 29] . The SF-36 score can be considered as a whole, or considering the physical component in the score separately (SF-36 Physical Component Summary), and/or the mental component in the score separately (SF-36 Mental Component Summary) [30] . Ghogawala used the SF-36 Physical Component Summary (SF-36 PCS) in both studies, while all other studies used the SF-36 as a whole, as is generally done. Both studies by Ghogawala found a significant difference in mean SF-36 PCS scores between the decompression and fusion group, while the other studies did not find a significant difference. In the study of Ghogawala et al. [7] , the SF-36 PCS score in the decompression group went from 30.9 to 37.4 and in the fusion group from 29.8 to 45.7 after 1 year follow-up, p = 0.003. In the other study, there was no significant difference between both groups after 1 year of follow-up (D: 34.7-46; DF 31.5-46.8, p = 0.16). After 2 years, however, a significant difference between the decompression and fusion group was found (D: 34.7-44.2; DF: 31.5-46.7, p = 0.046). In both studies by Ghogawala, only the improvements of the SF-36 PCS scores in the fusion groups met the MCID criteria. Park et al. [28] found clinical meaningful improvements of both the SF-36 PCS and the SF-36 MCS scores, but there was no significant difference between groups (p = 0.26; p = 0.25). Rampersaud et al. [2] did not show a statistically significant increase in SF-36 PCS and MCS scores in both the decompression and fusion group (p = 0.39, p = 0.06). Sigmundsson [29] measured SF-36 scores in a predominant leg pain and predominant back pain group. In the leg pain group, there was no significant difference between the SF-36 PCS and the SF-36 MCS (p = 0.16; p = 0.42). In the back pain group, there was also no significant difference in the SF-36 and the SF-36 MCS (p = 0.54; p = 0.09). The exact improvements of the SF-36 PCS and MCS scores can be found in Table 4 . The MCID was not met in any of the groups in this study. Differences in the reporting of SF-36 scores between studies did not allow for a quantitative comparison.
Level of evidence
The level of evidence is lowered by two levels, since most studies have a medium to high risk of bias and findings were not consistent amongst studies. Therefore, the quality of evidence is low.
Leg pain
Leg pain was measured with the use of VAS, NRS and JOA back pain scores in six studies [3, 5, 12, 26, 28, 29] . None of the studies found a significant difference between the decompression and decompression and fusion group, except Herkowitz and Kurz [5] . He states that patients who received decompression had significantly more leg pain compared to the group of patients who received arthrodesis. The decompression group showed an improvement in leg pain (scale 0-5) from 4.0 to 1.7, and an improvement from 4.3 to 1.0 in the fusion group. These improvements are both clinically significant, but the article states that the difference between the D and the DF group is significant, but a p value is not mentioned. The remaining five studies also showed significant improvements in leg pain, however, none of the studies demonstrated a statistical significant difference between the decompression and decompression and fusion group. Forsth et al. [3] showed a clinically relevant improvement in VAS leg pain scores after 2 years (D: 63 (± 25) to 35 (CI 32-37); DF 62 (± 26) to 32 (CI 30-35), p = 0.17). Kleinstueck et al. [12] measured a similar reduction in leg pain intensity (scale 0-10) in the decompression and fusion group from 3.1 (± 3.0) (D) and 3.9 (± 3.4) (DF), with baseline scores of 6.5 (± 2.3) (D) and 6.2 (± 2.7) (DF), p = 0.13. In the study of Matsudaira et al. [26] , both groups showed a significant improvement in JOA leg pain scores (D: 1.0 (± 0.4) to 1.8 (± 0.9); DF: 1.1 (± 0.6) to 2.2 (± 0.7), p = 0.5208). Park et al. [28] showed comparable improvements in NRS leg pain scores in both groups [D: 7. 
Level of evidence
The level of evidence is lowered by one level, since there were no studies included with a low risk of bias. Although Herkowitz and Kurz [5] claim that there is a significant difference in leg pain between both groups, no p value was given and the difference in leg pain between both groups does not seem clinically relevant (with a difference of 0.7 on a 5 point scale). It can, therefore, be concluded that none of the studies found a difference in leg pain between both groups. The level of evidence is, therefore, moderate.
Back pain
All six studies that measured improvements in leg pain scores, scored improvement of back pain as well. Four studies found a significant better outcome in the fusion group regarding back pain [5, 12, 28, 29] . Herkowitz and Kurz [5] rated pain on a scale from 0 to 5 (0 = no pain, 5 = severe pain). He reports back pain at baseline The fusion group did show a clinical relevant reduction of 2.9 (± 2.9), with a baseline score of 5.3 (± 2.9). There was a significant statistical difference found between both groups (p = 0.01). However, patients in the fusion group had a significant higher preoperative back pain score compared to the decompression group (p = 0.04). Park used the NRS pain score and reports only minor back pain in the decompression group, which hardly changed after surgery. However, in the fusion group, preoperative back pain is clinically relevant (NRS = 6.6) and, significantly decreases to 2.4, meeting the MCID criteria. Sigmundsson et al. [29] showed a significant reduction in VAS scores (scale 0-100) of back pain after 1 year, with a reduction of 29. 
Level of evidence
Since all studies have a medium to high risk of bias and outcomes are not consistent amongst studies, with four studies showing a statistical difference between groups and two studies that did not, the level of evidence is lowered by two levels. The level of evidence is, therefore, low.
Perceived recovery
Both Herkowitz and Kurz [5] and Kleinstueck et al. [12] asked patients about their self-perceived recovery. Patients included in the study by Herkowitz and Kurz [5] had to rate the operative results as excellent, good, fair or poor. Kleinstueck et al. [12] used a five-point Likert scale (1 = surgery made things worse, 5 = surgery helped a lot). Herkowitz and Kurz [5] reported that 96% of patients had a good or excellent outcome in the fusion group, compared to 42% in the decompression group, p = 0.0001. Kleinstueck also demonstrated a significant higher percentage of good outcomes in the fusion group (86.2%, CI 80-92) than in the decompression group [70.4% (CI 58-83)], p = 0.01.
Level of evidence
Because both studies have a medium risk of bias and direct comparison is not possible due to the fact that Herkowitz used a non-instrumented fusion technique, the level of evidence is lowered by two levels and is, therefore, considered to be low.
EQ-5D
Two studies measured clinical outcome with the EQ-5D [3, 29] . Sigmundsson et al. [29] only found a significant difference in improvement of EQ-5D in the predominant back pain group after 1 year, with an improvement of 0.24 (± 0.42) in the decompression group [baseline 0.33 (± 0.32)] and 0.34 (± 0.35) in the fusion group [baseline 0.30 (± 0.32)], p = 0.04. However, after 2 years there was no significant difference in EQ-5D scores in this group anymore (p = 0.41). In the group with predominant leg pain, there was also no significant difference between the decompression [improvement a Oswestry Disability Index (ranging from 0 to 100 with a higher score being an indication of more severe disability)
b Short Form-36 (with a range from 0 to 100, with higher scores demonstrating less disability). PCS: physical component summary, MCS: mental component summary c Visual Analogue Scale (with a range from 0 to 10, with higher scores demonstrating more pain)
d Numeric Rating Scale (with a range from 0 to 10, with higher scores demonstrating more pain)
e European Quality of Life-5 Dimensions (with a range from 0 to 1, with a higher score illustrating a higher quality of life)
f Core Outcome Measures Index (with a range from 0 to 10, with higher scores demonstrating worst outcome) of 0.31 (± 0.31)] and the fusion group [improvement of 0.32 (± 0.28)], p = 0.56. Försth found a comparable improvement of the EQ-5D in both groups, with the EQ-5D improving from 0.36 (± 0.32) to 0.63 (CI 0.61-0.66) in the decompression group and from 0.33 (± 0.31) to 0.62 (CI 0.59-0.64) in the fusion group, p = 0.34. The improvement of the EQ-5D scores met the MCID criteria in both studies.
Level of evidence
Since there were only retrospective studies with a high risk of bias included and no RCTs, there is no evidence for this outcome.
COMI
Only one study used the COMI summary score (scale 0-10) as a primary outcome score [12] . A significant difference in reduction of the COMI score was found, with COMI scores reducing with 3.1 (± 2.9) points in the decompression group [baseline 7.0 (± 2.1)] and 4.2 (± 2.7) in the fusion group [baseline 7.6 (± 1.7)], p = 0.009. These scores met the MCID criteria.
Level of evidence Since only one study was included, which is a retrospective study with a high risk of bias; there is no evidence for this outcome.
Complications
Six studies reported on postoperative surgical and medical complications. Ghogawala et al. [7] , Forsth et al. [24] and Matsudaira et al. [26] found a larger number of complications in the fusion group. Forsth et al. [24] showed a complication rate of 24% in the fusion group compared to 19% in the decompression group. In the study of Ghogawala et al. [7] , 14% of the patients in the fusion group and 5% of the patients in the decompression group had postoperative complications. Matsudaira et al. [26] reported only one complication in the fusion group (5.3%). Kleinstueck et al. [12] , Ghogawala et al. [25] and Park et al. [28] showed almost comparable complication rates in both treatment groups. In the study of Ghogawala et al. [25] , the complication rate in the decompression group was 6%, compared to 3% in the fusion group. Kleinstueck et al. [12] showed a 17.9% complication rate in the decompression group and 17.2% in the fusion group. Park et al. [28] had 5% complications in the decompression group and 4% in the fusion group. Complications that were reported on included dura lesion, wound infection, postoperative hemorrhage, recurrent pain, adjacent segment stenosis and instrumentation related complications.
Level of evidence
The level of evidence is lowered by three levels, since studies showed conflicting results, have different definitions of complications (some including persistent pain after lumbar decompression alone) and non-standardized assessment of complication incidence. The level of evidence is, therefore, very low.
Reoperations
Five studies reported reoperation rates. In three studies, a higher number of reoperations were performed in the decompression group. Ghogawala et al. [25] found a reoperation rate of 34% in the decompression group compared to 14% in the fusion group. An earlier study by Ghogawala et al. [7] reported a reoperation rate of 15% in the decompression group, while no reoperations were performed in the fusion group. In the study of Plotz and Benini [27] , 65% of the patients in the decompression group needed reoperation. In the fusion group, 6% needed reoperation. Two studies found a higher number of reoperations in the fusion group. Matsudaira et al. [26] reported one case of reoperation (5%) in the fusion group and Rampersaud et al. [2] performed reoperation in 36% of patients who received fusion and in 11% of patients who received decompression. The study of Forsth et al. [24] showed similar reoperation rates in both groups, with 21% in the decompression group and 22% in the fusion group. No statistical significant differences were found, because of the small number of reoperations.
Level of evidence
The level of evidence is lowered by three levels, since indications for reoperations are poorly reported on, results are conflicting amongst studies and the majority of included studies has a high risk of bias. Thus, the level of evidence is very low. An overview of study outcomes can be found in Table 4 .
Discussion
This review concludes that decompression with or without concomitant fusion seems to be leading to comparable results regarding the most important clinical outcome measures. The quality of evidence, however, is minimal, with the quality of evidence for comparable postoperative leg pain being moderate, while the quality of evidence for the other outcome parameters is low to very low. Although this review cannot conclude decompression has equal results to decompression with fusion in all clinical cases, the findings illustrate that adding fusion to a decompression as usual care in a degenerative spondylolisthesis stenosis does not inevitably lead to better clinical outcomes.
Multiple clinical outcome measures that were used in 11 studies were evaluated in this review. The ODI being the most specific clinical outcome for neurogenic claudication is used internationally as a disease-specific measure of functional disability. The absence of a difference in ODI outcome between the two treatment strategies in the pooled quantitative analysis of two recently published RCTs is a strong indicator that there is no difference in functional outcome. The added qualitative analysis of three retrospective studies showing comparable improvements in both the decompression and decompression and fusion group, adds to this conclusion. One relatively small study by Ghogawala et al. [7] showed a significant better outcome regarding the ODI in favour of fusion, however, this conclusion was drawn after a relatively short follow-up period of 1 year. Ghogawala fails to show a significant difference between the two groups in the ODI score in the later RCT.
Ghogawala et al. found a significant difference in SF-36 PCS scores between the decompression and fusion group in two of their studies, with the most recent one being a RCT. This difference is presented as evidence for preference to add instrumented spondylodesis to decompression in degenerative spondylolisthesis stenosis. The SF-36 was not the primary outcome measure of this study and after 4 years only two-third of the original population was included in the analysis. The study was not powered on this number of people. Besides, The SF-36 is a very generic scale and the SF-36 physical component represents only a part of the functionality scale SF-36. It is by no means a standard parameter to evaluate outcome in neurogenic claudication. Moreover, three other studies that used the SF-36 PCS did not find any difference between fusion and decompression alone.
Regarding leg pain, all studies found that leg pain improved after surgery, whether that would be decompression or fusion, except for Herkowitz and Kurz [5] who found significantly better results in the fusion group. This outcome is disputable, since an extensive decompression with removal of the facet joints was performed. This may have contributed to the worse outcome in the decompression alone group, since extensive bony decompression may induce spinal instability. Furthermore, the generalizability of the results of this study is limited because non-instrumented fusion procedures are rarely performed in current clinical practice.
All studies that evaluated leg pain also looked at the improvement of back pain in their patients groups. A number of studies showed that back pain improved more in the fusion group than in the decompression alone group, which might lead to the conclusion that patients with degenerative spondylolisthesis with predominant back might benefit from an additional fusion surgery. Yet most studies were not able to show clinical meaningful differences between the patient groups. In the retrospective study by Park et al. [28] , patients with low back pain tended to be preferentially included in the fusion group, which was based on the surgeon's decision. In the study by Kleinstueck et al. [12] patients in the fusion group had significantly more back pain compared to patients who received decompressive surgery, which adds to the assumption that outcomes are biased due to the allocation of patients. Since the six studies that evaluated back pain were not randomized and results were conflicting, the evidence that back pain would decrease more in patients who received fusion is low. Prospective studies are necessary to obtain higher levels of evidence showing whether or not adding a fusion leads to a significant decrease in lower back pain in patients with degenerative spondylolisthesis.
Herkowitz and Kurz [5] and Kleinstueck et al. [12] were the only two studies reporting on perceived recovery. Both studies showed that patients had a better recovery after receiving fusion. Results must be interpreted with cause as baseline symptom severity, different patient characteristics among treatment groups, and non-blinding of the patients can influence self-perceived recovery. This outcome measure is reliable only in randomized studies or high-quality prospective controlled cohort studies that are preferably blinded to patients for treatment allocation.
Reoperation rates varied considerably among studies. Five of the included studies reported reoperation rates. Rampersaud et al. [2] and Matsudaira et al. [26] found a higher reoperation rate after fusion, which is presumed to be the result of a higher complication incidence that requires reoperation and instrumentation related reoperations. However, Ghogawala et al. [7] , Plotz and Benini [27] and Park et al. [28] found a higher reoperation rate after decompression alone. This might be due to a higher risk of surgery-induced instability, but also includes patients with unsatisfactory relief of symptoms after decompression alone. Unfortunately, indications for reoperations were poorly described. Furthermore, if reoperation with concomitant fusion for unsatisfactory recovery after decompression alone is considered an outcome measure it is of particular importance to assess the outcome after these reoperations. Unfortunately, these are not reported.
Six studies included in this review reported on complications after decompression with or without concomitant fusion. The studies by Ghogawala et al. [7] , Forsth et al. [24] and Matsudaira et al. [26] found higher complication rates in the fusion group, whereas Kleinstueck et al. [12] , Ghogawala et al. [25] and Park et al. [28] found similar rates in both groups. Complications were assessed in a nonstandardized way, in which some studies reported recurrent pain as a complication. None of the studies were able to find a significant difference, probably since the incidence of complications was too low to detect a statistically significant difference. Older studies that were not included in this review showed higher complication rates in the fusion group [9, 31] , with a more recent study by Deyo et al. [17] clearly showing significant higher complications rates in the decompression and fusion group compared to the decompression alone group. After adjusting for age, comorbidities and other factors, there was a higher risk of life-threatening life-events for patients receiving decompression with concomitant fusion.
Since there is only low evidence that adding fusion does not necessarily lead to better clinical outcomes, other factors that can lead to deciding whether or not to perform instrumented fusion should be taken into account as well. Cost-effectiveness studies conclude that decompression alone is associated with lower costs than decompression with (non-)instrumented fusion. A non-randomized study from the US calculated mean hospital costs of $12,615 for decompression alone, $18,495 for non-instrumented fusion and $25,914 for instrumented fusion [32] . Another study calculated similar costs, with decompression costing $14,700, non-instrumented fusion $21,500 and instrumented fusion $30,200 [33] . More recently, Deyo et al. [17] calculated that the adjusted mean hospital charges for fusion procedures were $80,888 for a complex fusion and $58,511 for a simple fusion compared to $23,724 for decompression alone. The RCT of Forsth et al. [24] showed that direct costs are $6800 higher for fusion. Decompression alone is, therefore, clearly the most cost-effective technique.
Although it seems that results of decompression and fusion are equal, possibly there are subgroups of patients that may benefit from decompression in combination with fusion. Most studies in this review included patients with spinal canal stenosis in combination with degenerative spondylolisthesis. Besides spinal canal stenosis, there are also patients who suffer from foraminal stenosis, induced by the spondylolisthesis. To adequately treat foraminal stenosis, the facet joint has to be severely reduced, which increases the risk of surgically induced instability. Therefore, in those cases, additional instrumented fusion is strongly recommended [6, 29, 34] . Another reason to recommend additional instrumented fusion might be preoperative hypermobility at the level of the spondylolisthesis as indicated by a dynamic radiograph. A review by Leone et al. [35] concludes that patients with symptomatic lumbar stenosis and a slip of more than 3 mm should receive concomitant fusion. However, in a study they performed in 2009 [36] , they conclude that it is a challenge to determine a relationship between imaging instability and its symptoms. This is partly due to the fact that measurement errors may exist in plain X-rays. In a study by Herron and Mangelsdorf [14] concomitant fusion was routinely performed in patients with a greater than 3 mm slip. Most of the included studies in this review included patients with a minimum slip of 3 mm. Forsth et al. [24] reports a 7.4 mm slip in both the decompression and decompression with concomitant fusion group without showing differences in clinical outcome after surgery. In both studies performed by Ghogawala no significant difference in slippage was found in both groups, with a slippage up to 8.5 mm and a maximum translation of 1.6 mm. They found significant differences in both the ODI and the SF-36 scores. Further research is necessary to identify these anatomical characteristics that justify additional instrumented fusion.
Although lumbar stenosis with degenerative spondylolisthesis is frequently an indication for lumbar surgery, no consensus for the optimal surgical management exists in the current literature. American guidelines consider both decompression alone and decompression with concomitant fusion as effective for the treatment of lumbar stenosis with concomitant stenosis. However, decompression with concomitant instrumented fusion is still common practice [37, 38] . With this review, demonstrating that decompression and decompression and fusion are equally effective in treating lumbar degenerative spondylolisthesis, especially regarding the ODI, being the most important clinical outcome measure, and leg pain, with higher costs and presumably higher complications rates associated with decompression with fusion, we hope to add to the discussion.
Conclusion
Currently, there is not enough evidence that concomitant instrumented fusion in patients with symptomatic lumbar spinal canal stenosis and degenerative spondylolisthesis leads to better clinical outcome than decompression alone. Decompression alone is a more cost-effective technique and is presumably more associated with fewer complications compared to decompression with concomitant fusion. This might be a fair reason to choose for decompression alone in patients with low-grade spondylolisthesis with predominant leg pain. These results must be interpreted with caution as not all cases of degenerative spondylolisthesis may be managed with decompression alone. Patients with high-grade spondylolisthesis or low-grade spondylolisthesis in combination with foraminal stenosis or vertebral instability may still benefit from concomitant fusion.
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